Background: Caffeic acid phenethyl ester (CAPE) is a phytochemically active component obtained from honeybee hive propolis. CAPE has been reported to show antimitogenic, anticancer, and other beneficial medicinal properties. Many of its activities have been reported to be mediated by inhibiting levels of matrix metalloproteinase, that is, MMP-2 and MMP-9. We hypothesize the effect of CAPE on the metastasis of colon cancer cells in both in vitro and in vivo. Methods: Cell migration, motility, invasion were evaluated also expression of protein and matrix metalloproteinases (MMPs) such as MMP-2 and MMP-9 were measured in SW-480 cancer cells in vitro. The cells were exposed to Phorbol 12-myristate 13-acetate (PMA) and were treated with various concentration of CAPE. Results: The treatment of CAPE caused significant decrease (P<0.05) in both cell motility and invasion. The treatment of CAPE inhibited activity of MMP-2 and MMP-9 and their protein with increasing dose in SW-480 cancerous cells. Antimetastatic activity was evaluated in vivo in BALB/c mice by injecting them with CT-26 mouse colon cancer cells via tail vein and were treated with CAPE (20 mg/kg) orally for 21 days. The CAPE treatment significantly (P<0.05) reduced count of pulmonary nodules. The mice showed decreased plasma MMP-2 and MMP-9 activity after 21 days treatment with CAPE.
Introduction
Colorectal cancer is carcinoma of colonic mucosal lining ranked third highest occurring cancer worldwide. Colon cancer occurs due to series of mutations of genes both suppressor and oncogenic. Mutations lead to generation of polyps leading to adenocarcinoma (Shao-Rong et al., 2013). Occurrence of metastatic colon cancer has been found to be one of the primary cause of death in patients (Wang et al., 2009 ). The attack of tumor metastasis commences with encroachment of tumor cells in colon. The adherence of cancerous tumor cells on the membrane leads to endothelial contraction followed by release of destructive proteolytic enzymes such as matrix metalloproteinase also called as MMPs and serine proteinase causing destruction of extracellular matrix (ECM) (Okegawa et al., 2004; Pepper et al., 1996; Pepper, 2001 ). Over expression of MMPs has been correlated to invasion of tumor cells on ECM (Rujirek et al., 2013; Stetler-Stevenson et al., 2001 ; Vince et al., 1999) . Matrix metalloproteinase-2 (MMP-2) are found to be one of the main factors in destruction of ECM mediated by invasion of tumor cells due to breakdown of collagen type IV and laminin. Over expression of MMP-2 also suggests advancement and level of malignancy of gliomas (Forsyth et al., 1999; Wang et al., 2003) .
Caffeic acid phenethyl ester also known as CAPE is reported to be among the major active medicinal moiety of propolis which is produced by honeybees of American and European countries. Propolis is reported to contain variety of chemical constituents such as flavonoids, esters of phenolic acids, terpenoids and many aminoacids (Burdock, 1998) .
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CAPE have been investigated for activities which include anti-bacterial, anti-fungal, anti-cancer, anti-inflammatory and anti-viral (Son and Lewis, 2002; Koltuksuz et al., 2001; Michaluart et al., 1999; Borrelli et al., 2002; Frenkel et al., 1993; Huang et al., 1996; Yang, 2005) . while investigating the chemopreventive role of CAPE, found that the molecule exerted anti-metastatic effect via inhibiting levels of both metalloproteinase i.e (MMP-2, MMP-9). Since CAPE inhibits MMPs which contributes to be a factor in degradation of ECM the aim of work was to measure the effect of CAPE on advancement of gliomas using In vitro and In vivo approaches.
Materials and methods

Materials and reagents
CAPE was procured from Sigma-Aldrich Co. LLC. Dulbecco's modified Eagle's medium (DMEM) was obtained from Gibco USA and Ham's F12 nutrient mix from BRL USA, streptomycin and penicillin were procured from SigmaAldrich USA. Antibodies required for evaluation of MMPs for study were obtained from Sigma-Aldrich USA. Bovine serum albumin, transferrin, and other reagents were obtained from Sigma-Aldrich (USA).
The cancerous cell lines were procured from American type culture collection (USA), mouse colon cancer cells CT-25 were purchased from Korean Cell line Bank (Korea). All the animal protocols were sanctioned and were in accordance to animal ethical committee guidelines of Lanzhou General Hospital, Lanzhou, the approval number was LGH/415B/16/2016.
Cancerous Cell lines (SW480 and CT25)
For the study human colon cancer cells, that is, SW480 were selected and were procured from American Type Culture Collection (USA), mouse colon cancer cells CT-25 were purchased from Korean Cell line Bank (Korea). Both the cell lines, that is, SW480 and CT-25 were cultured in mixture of DMEM and F12 medium added with fetal bovine serum (FBS) (100 ml/L), penicillin 100000 U/L, Streptomycin (100 mg/L). After which the medium was subjected to replacement after 2-3 days regularly. For evaluating anti proliferative activity of CAPE on cancerous cells in vitro the SW480 were subjected to plating at with 2.5x10 4 cells /ml in a plate with 24 wells filled with mixture of DMEM, FBS (10%) and F12. The cells were submitted to 48 hr, during which the monolayers were serum starved, the medium was supplemented with bovine serum albumin 1 mg/ml, transferrin 5μg/ml and selenium 5ng/ml, for 24 hours. Obtained monolayers due to serum starvation were subjected to incubation in a serum free medium (SFM) along with various concentrations of CAPE (0, 
Cell Migration studies by boyden chamber assay
Cell migration studies were done by assessing the motility using boyden chamber . For the study PVPF filters were used having pore size of 8 μm, the filters coated with solution of 0.1% gelatin and were kept at 16 hours at room temperature conditions. The cancerous SW480 cells were suspended in SFM and Phorbol 12-myristate 13-acetate (PMA) (100 μg/L) and various concentrations of CAPE (0,6,8 and 10 μmol/L) in the chambers above, while the chambers below were filled up with FBS (10%). Boyden chamber was subjected to incubation of 16 hours at 37°C with 5% CO 2 . The chamber was coated with 10 g/ml collagen (type 1) undersurface of filter. The cells were accorded to migrate for 24 hours followed by fixing them and subjecting to Hema-3 staining. The cancerous cells present on the lower side were fixed on glass slide. Counting was done by selecting five random microscopic areas at 400x.
Cell invasion assay
Cell invasion studies were done using invasion chambers which were pre-coated with Matrigel, the assay was done in accordance to previously described ). The procedure started by filling Matrigel chambers (BD BioSci USA), with SFM at room temperature conditions. SW480 cells at concentration of 1×106 cell/mL were again suspended in SFM in presence and absence of PMA (100 μg/ L) and exposing them to various dilutions of CAPE as defined previously (0,6,8 and 10 μmol/L). Precisely instilled to upper portion and the lower side were loaded with 10% FBS for attracting cells. The chambers at room temperature were incubated for 16 hours in presence of CO 2 (5%). After 16 hours of incubation the cells present on the upper side were withdrawn by whipping the filters. The filters were then submitted to Diff-Quick staining followed by fixing of cells on lower surface of filters on a glass slide. Microscopic counting was done by selecting five randomly identified fields at 400x.
Evaluation of Matrix metalloproteinase (MMP) activity opting gelatin zymography
For evaluating MMP activity cancerous cells (1×106 cells/mL) were subjected to seeding in plates with 6 wells and were incubated in FBS medium (10%) for 48h. After seeding the cancerous cells were incubated to various concentrations of CAPE (0,6,8 and 10 μmol/L) for 12h. After 12 hours the collected supernatants were concentrated using Millipore filters. The concentrated supernatants were evaluated for MMP activity opting gelatin zymography by mixing each sample two times of its volume with buffer. The gel zymography was done using polyacrylamide gel (10%) and gelatin (1%). Coomassie blue staining was done to visualize MMP activity.
Western blot analysis
Expression of MMP activity in cultured cancerous cells was done by western blot method ). The media of cells previously conditioned was obtained and processed similarly as described for gel zymography. The proteins were isolated on gel electrophoresis composing of SDS polyacrylamide by gradient mode and were shifted to membrane of immobilon-P (Millipore). The immobilon-P membranes obtained were blocked for 1 hour at room temperature conditions using milk (5%) in TBST composing Tween-20 0.1%, Tris-HCl 20mmol and NaCl 137 mmol/L and opting pH 7.4 and subjecting to incubation for 3 hours along with anti antibodies of MMP-2 and MMP-9 (1:200). Followed by incubation the membranes were washed at room temperature with TBST for 30 min. The membranes were incubated along with antimouse IgG horseradish peroxidase and mixtre of 5% milk and TBST in dilution ratio of 1:1000. The bound antibodies were observed by chemiluminescence. Intensity of immunoreactive bands was found by densitometry.
In-Vivo experimental metastasis in BALB/c mice's
In vivo studies for experimental metastasis were done as per procedure described previously (Soel et al., 2007) . For the study mature male BALB/c mice of age 8 weeks averaging 22-25 g in weight were chosen. The animals were obtained from Yangzhou Uni. Comparative Medical Center (Yangzhou, China) and were housed in standard laboratory conditions supplied with free access to standard food and water ad libitum. The mice were divided into 5 groups randomly. CAPE was administered orally at a dose of 20 mg/kg (Parke et al. 2004 ). The animals were maintained throughout in accordance to animal ethical committee guidelines of Lanzhou General Hospital, Lanzhou. Lung metastasis was induced by injecting animals with suspension of CT-26 cells (5×10 5 cells/mL.) administered intravenously by tail. After injecting the cancerous cells the mice were treated with CAPE (20 mg/kg of body weight) orally for period of 3 weeks, the animals were then sacrificed for removing lungs. The lung tissues were processed for sections and subjected to staining with Bouin's solution followed by counting for presence of colonies (metastatic). For evaluating the activity of MMP in plasma 2 μL of plasma was collected and mixed along with 4 μL of buffer followed by gel zymography of 10% polyacrylamide and gelatin (1%). The activity of MMPs was seen by subjecting the slides with Coomassie blue staining.
Statistical evaluation
Statistical evaluation of data was done by using Graph pad prism. The results were obtained as mean with standard deviations. Significance of results was established for P<0.05.
Results
CAPE exhibits anti-proliferative effect on SW480 cells
In the experiment to evaluate effect of CAPE on proliferation of cancerous SW-480 cells the cells present in the monolayer culture were subjected to incubation in SFM at various concentrations of CAPE (0,6,8 and 10 μmol/L) after which the number of viable cells were counted. The effect of CAPE on cell proliferation was time dependent, no significant changes were observed on incubation upto 24 h. the cell proliferation decreased significantly after 48 and was highest after 96 h at 10 μmol/L (Figure 1) . In evaluating the anti-metastatic effect of CAPE on cancerous SW480 cells the results were independent of factors such as decreased cell proliferation, CAPE incubation time in all the experiments of metastasis, the time was never more than 48h 
Effect of CAPE on motility and invasion of cancerous SW480 cells
It has been previously established about role of cell migration in process of metastasis were the former playing an important role. PMA is established agent reported to cause tumor cell migration/invasion (Huang et al. 2004 ), in the current context we evaluated effect of CAPE on PMA mediated migration of cancerous SW480 cells. The study was carried using Boyden chamber and Matrigel invasion assay. The results (Fig 2 and Fig 3) showed incubation with CAPE significantly reduced (P<0.05) PMA induced motility and invasion of cancerous SW-480 cells. 
Inhibitory effect of CAPE on expression of protein MMPs (MMP-2 and MMP-9)
The effect of CAPE on expression of proteins matrix metalloproteinase was assayed by western blot technique in cancerous SW480 cells. Both MMPs were over expressed in PMA exposed cells whereas significant decrease (P<0.05) in expression of both proteins was in a dose mediated pattern linearly ( Figure 5 ). 
CAPE decreases metastasis in colon of BALB/c mice
For the study BALB/c mice were selected randomly and were induced to metastasis by CT-26 cells and were subjected to CAPE treatment. The cancerous cells and CAPE treatment had no effects on weight of animals (table 1 and Figure 6 ). CAPE treatment significantly reduced colonies induced by cancerous cells in lungs (P<0.05). CAPE treatment significantly reduced the plasma activity of both MMP-2 and MMP-9 (P<0.05) in mice ( Figure 7 ). 
Discussion
Metastasis of colon tumors has contributed largely causing deaths of patients suffering from colon cancer. Associated toxicity of synthetic anticancer agents in treatment regimen is the biggest drawback. Therefore, research on natural compounds possessing anti-metastatic activity and lesser side effects is demanding. Current research is first to establish anti-metastatic role of CAPE both in-vitro and in-vivo.
In the current research CAPE significantly reduced proliferation of SW480 cells after 48 h of incubation with highest anti-proliferative effect achieved post 96 h of incubation. CAPE has been reported to show cytotoxic activity for cancer cell lines for breast cancer whereas it has shown no toxicity against normal cells (Wu et al., 2011; Omene et al., 2012) . CAPE has shown to inhibit growth both in-vivo and in-vitro of MDA-MB 231, MCF-7 and BC cells (Iishi et al., 1997) (Harlozinska, 2005) . In this study, the aim was to evidence anti-metastatic role of CAPE which was independent to suppression of tumor cell growth. Results of study showed that CAPE minified PMA mediated mobility and invasion; treatment also suppressed levels of MMPs and expression of proteins in cancerous cells suggesting the suppressive action of CAPE on metastasis was autonomous of growth of tumor cells.
One of the main step in metastasis is tumor invasion which also include adhesion of tumor cells, migration followed by degradation of ECM and basement membrane mediated by enzyme (Harlozinska, 2005) . Cell migration and invasion includes MMPs and serine proteinase mediated extracellular proteolysis (Pepper 2001) . PMA has been found to be a potent promoter of tumor via migration/invasion of tumors cells causing increased MMPs activity (Torricelli et al., 2006) . PMA is also reported in regularize number of cellular activities by protein kinase pathways (Lee et al., 2002) which can play a possible role in invasion and metastatic characters of cancerous cells (Heider et al., 2004) . In the study, it seems that CAPE curbs motility and also the invasion via subduing activation and expression of genes of MMPs in cancerous SW480 cells by protein kinase pathway. Oral intake of CAPE reduced the count of nodules in mice's and plasma activity of both matrix metaloprotenase (MMP-2, MMP-9). It was found that activity was dose dependent. Studies conclude role of MMPs to play important role in metastasis of cancer (Shibata et al. 2001 ).
In conclusion of experiments, the study has proved that CAPE inhibits metastatic character of cancerous SW480 cells in vitro also the oral treatment in BALB/c mice inhibits metastasis of cancerous CT-26 cells. Treatment with CAPE may cause inhibition of metastasis by diminishing both activity and expression levels of MMPs (MMP-2, MMP-9).
